We adopt the chiral perturbation theory to calculate the Σ ( * ) cD ( * ) interaction to the next-to-leading order (NLO) and include the couple-channel effect in the loop diagrams. We reproduce the three Pc states in the molecular picture after including the ΛcD ( * ) intermediate states. We also discuss some novel observations arising from the loop diagrams.
Introduction
In 2015, the LHCb Collaboration discovered two pentaquark candidates P c (4380) and P c (4450) in the J/ψp invariant mass spectrum of Λ b → J/ψKp 1 (or see Ref. 2 for a review). Recently, the LHCb Collaboration updated these results 3 . The previously reported P c (4450) was resolved into two states P c (4440) and P c (4457), and a new state P c (4312) was observed with 7.3σ significance. These three states are narrow and their masses lie below the thresholds of Σ cD ( * ) . Thus, they are good candidates of the Σ cD ( * ) molecules. The theoretical calculation in different approaches all supports their molecular nature [4] [5] [6] [7] .
Chiral perturbation theory (ChPT) is the effective field theory of low energy QCD, which was used to build the modern theory of nuclear force 8,9 . In this work, we adopt the ChPT to study the Σ
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Leading order Next-to-leading order For the box diagrams, we could deal with the couple-channel effect through two approaches as illustrated in Fig. 2 . From the view of timeordered perturbation theory (TOPT), the box diagrams can be divided into the one-pion-iteration part and other part, see Fig. 3 . For the onepion-iteration part, the amplitude reads,
When the intermediate states are the same as the external lines, i.e., m 1 = m 2 and m 1 = m 2 , like N N systems, the amplitude would be am-plified to destroy the power counting. We adopt the Weinberg's formalism to handle this problem 12 . We subtract the one-pion-iteration part in the box diagrams and recover their contribution by solving the Lippmann-Schwinger or Schrödinger equation. For Σ ( * ) cD ( * ) systems, the intermediate states could be different from the external lines. The power counting works well for these box diagrams. Therefore, we could either subtract the onepion-iteration part and include inelastic channels in tree diagrams or keep the one-pion-iteration part and only include the elastic channels in tree diagrams. In this work, we adopt latter approaches as shown in the left panel of Fig. 2 . 
Results and discussions
Our LO results keep the heavy quark symmetry, which read,
There are two possible spin assignments for the three P c states as shown in Fig. 4 . Three states have the same central potential and their binding energy splittings arise from the spin-spin interaction. If we treat spin-spin interaction as a perturbation, the ratio of the binding energy splitting is exactly the ratio of spin-spin interaction. Therefore, the spin Set-I in Fig. 4 is favored.
At the NLO, we include loop diagrams which bring some novel effects. The mass splittings between HQS partner states give rise to considerable HQSS violation for Σ ( * ) cD systems. Meanwhile, the new spin structure (S 1 · S 2 ) 2 appears at the loop level for the Σ * cD * 11 , which is different from the two nucleon systems.
We have two unknown low energy constants (LECs), D 1 and D 2 , to the NLO. We vary the two LECs and try to reproduce three states simultaneously. The result is presented in Table. 1. It is possible to find the predicted states in the future experiments. In Table 2 , we compare the Σ 
